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ISSN 0966-4246 Kehoe and Ruhl (2005) propose accounting for TFP falls through a sectoral reallocation
from tradable to nontradable production with adjustment costs. Our results are not directly
comparable because their division of the economy is different from ours. The movement from
manufacturing to agriculture we document in the data is ruled out by their model which com-
bines the two as tradable goods. Of special note to us, Kehoe and Ruhl (2005) show that
changes in terms of trade cannot have direct effects on the measurement of productivity in
value added at constant prices. We build our story based on indirect effects from an endoge-
nous change to terms of trade.
Benjamin and Meza (2006) model changes in TFP as due to the presence of asymmetric
costly ﬁnancial intermediation across production processes and changes in international inter-
est rates.
Gertler, Gilchrist, and Natalucci (2003) attribute changes to TFP in Korea between 1997
and 1998 to capital utilization. Meza and Quintin (2006) report movements in TFP in a set of
countries after recent ﬁnancial crises. They ﬁnd that capital utilization can account for at most
40% of the falls in TFP. We take into account capital utilization when measuring productivity.
Mendoza (2006) conducts a growth accounting exercise for the Mexican crisis of 1994. He
uses a production function for gross output that includes as inputs capital adjusted for capital
utilization, labor and imported intermediate goods. He ﬁnds that changes in capital utilization
and imported intermediate inputs can both account for signiﬁcant amounts of the falls in gross
output. We take into account capital utilization as mentioned above. This leaves the direct
effects of imported intermediate inputs. While changes in the usage of imported inputs can
affect measured productivity in gross output, they cannot affect measured TFP in value added
directly.
Meza and Quintin (2006) also quantify TFP falls using a model of labor hoarding. In their
model, the labor input is adjusted by effort. Their method of identifying effort using a one
sector model ﬁnds it to be a function of the output to labor ratio in aggregate data. As we show
in the appendix, a movement from high to low productivity sectors in the data maps into lower
measured effort in their model.
There are also many papers that look at the sectoral composition of output in developing
economies over time. A growing number of economic papers attempt to explain why factors
devoted to agriculture decline while manufacturing and service output increase in the initial
stage of development. See the papers cited in Ngai and Pissarides (2006). Our choice of
sectors is a particular case of theirs: one consumption and one investment sector.
Finally, a growing number of papers attempts to account for the large and unusual falls in
4are movements from high to low productivity sectors, as can be seen from Figure 4.
We offer a brief description of the behavior of the sector speciﬁc TFP series. Immediately
following the crisis, sector speciﬁc TFP rose signiﬁcantly in manufacturing. TFP also rose in
construction. TFP fell in agriculture.
Now we report the counterfactual experiments. For the ﬁrst experiment we analyze the
effect of changes in the labor shares. We hold the distribution of labor constant at its 1997
level and allow sector speciﬁc TFP data past 1997 to take on its true values. The resulting
approximate TFP sequence during the crisis is signiﬁcantly higher than actual approximate
TFP. This is shown in Figure 5. Removing shifts in the composition of labor produces an
approximate TFP line that rises slightly after the crisis.
Likewise we can examine the change in approximate TFP that is caused by changes in the
productivity of individual sectors by allowing the shares of labor in each sector to change as in
the data, but holding productivity within all sectors constant at their 1997 values. In this case,
the resulting approximate TFP series is similar to the actual approximate TFP series in 1998.
[Insert Figure 5]
FromthetwoexperimentsdisplayedinFigure5, weconcludethatchangesinsectorspeciﬁc
TFPs had little role in the fall in aggregate TFP whereas changes in the labor shares have a
primary responsibility.
We can adjust the counterfactual hypotheses by allowing elements to follow previous trends
rather than remain constant. In particular, we let each labor share grow at its average geometric
growth rate.12 Regarding sector speciﬁc TFPs, we let them grow at the average growth rate
across individual TFPs.13 The experiments with trends are attached as Figure 6. Note that
the order of the lines has not changed. Approximate TFP is higher when labor shares move
according to trend than when sector speciﬁc TFPs grow according to trend.
[Insert Figure 6]
We have one more set of results from these exercises that allows to attribute the fall in
aggregate TFP to changes in labor for speciﬁc sectors. We continue our accounting exercise by
repeating the experiments without trends, each time allowing one labor share to move as in the
data. Whatever surplus (deﬁcit) labor exists is assigned to the remaining sectors based on their
1997 shares. Sector speciﬁc TFPs are held constant. We do this for each of the sectors. We
12The average is calculated over the entire sample: 1980-2000.
13The average growth rate was calculated using as weights the labor shares in each sector in 1997. The growth
rate is 2.13%. These results are similar to those when TFP series are allowed to grow according to their individual
trends. We prefer using the same trend for different sectors because this does not affect the relative difference in
levels between sector speciﬁc TFPs in any time period.
9of output both at basic and at market prices. We keep track of values at basic prices because
the time series on output by industry used in the ﬁrst part of the paper and in this section are
reported at basic prices. We have also adjusted data on compensation of employees by a factor
related to the operating surplus of private unincorporated enterprises (OSPUE). Data reported
by the United Nations on national income for Korea in 1992 show that the fraction of OSPUE
within total operating surplus was 62.7%. We add the corresponding magnitude to compensa-
tion of employees in each sector. We attach the modiﬁed input-output matrix as Table 1. All
values are reported as percentages of total value added at market prices.
We now discuss how individual parameter values are chosen. We begin with income shares.
We calibrate all income shares with the modiﬁed input-output matrix. Parenthetical numbers
refer to items taken from it.
The share of capital income in the consumption sector output, θc, is equal to operating
surplus plus depreciation (14) divided by consumption sector GDP (55).
The share of capital income in the investment sector output, θmk, is equal to operating
surplus plus depreciation (9) divided by investment sector gross output (130). In turn, gross
output consistent with our model is the sum of domestic inputs both produced and used in the
investment sector (60), value added (36) and imports (34).19 Imports are included because they
are part of materials, which are the intermediate input used by this sector.
The share of labor income in the investment sector output, θml, is equal to compensation of
employees (27) divided by investment sector gross output (130).
The share of income that goes to the materials sector, θmm, is equal to total intermediate
inputs divided by investment sector gross output (130). In turn, total intermediate inputs is
equal to the sum of domestic inputs (60) which correspond to z in the model, and imports (34),
which correspond to f in the model.
Next we turn to the materials sector, starting with the elasticity between imported and
domesticinputs. Theexpressionforthiselasticityinthemodelis 1
1−α. Wechooseα = 0.5. The
elasticity parameter between imported and domestic intermediate goods has led to a signiﬁcant
debate in the literature.20 We borrow the value from Kehoe and Ruhl (2005). This value implies
an elasticity of 2.
We calibrate µ and M using national accounts data. We use the ﬁrst order conditions of the
ﬁrm that produces materials m and the assumption that the price of materials pm and imports
pf are one in 1997, the base year. Speciﬁcally, let γ = z
f and λ = z
m. The ﬁrst order condition
19We comment on the mapping between imports in the data and imports in the model below.
20See Ruhl (2005).
15for domestic intermediate inputs, z, gives us that
λ =
(1 − µ)γα
µ + (1 − µ)γα.
We ﬁnd µ from the above equation. To this end, we construct empirical counterparts of z and
f from national accounts, in the same way as we did with the input-output matrix. We take
f is the value of imports in the economy as a whole. We abstract from the observation that
some imports are ﬁnal goods and that some imported inputs are used by sectors that produce
consumption goods.21
The scale parameter M is computed from the production function in materials:
m = M (µf
α + (1 − µ)z
α)
1
α .
We choose the depreciation rate of capital in the investment sector, δn, to equal 5%. We set the
value of the depreciation rate in the consumption sector, δc equal to 4%. We have two observa-
tions in mind for these choices. First, Horvath (2000) provides evidence that depreciation rates
are higher in construction and manufacturing than in agriculture and services. Second values
around 5% are frequently used in one sector models.
Next we turn to export demand. We calibrate ce using national accounts data. We use the
equation for export demand, assuming again that the price of imports pf is one in 1997. With
this assumption, the export demand function simpliﬁes to e = ce. We choose total exports in
1997 from national accounts as the empirical counterpart of e.22
We choose the value of ψ, the capital adjustment cost parameter, such that the model con-
verges to a steady state in 25 periods in the benchmark experiment.
Next we turn to parameters in the utility function. We choose the value of φ with data from
the input-output matrix. As we discuss shortly, we assume a logarithmic utility function. With
such function, φ corresponds to the ratio of expenditure on consumption of the consumption
sector good relative to total expenditure. We choose household plus government consumption
21Data from the Korean 1995 Transaction Table of Imported Goods and Services shows that in that year 71.6%
of all imports were intermediate inputs. Also, the Bank of Korea (1998) reports the ratio of import dependence
by sector, which is the ratio of imported intermediate inputs to the sum of domestic intermediate inputs and value
added. The manufacturing sector has the highest dependency ratio: 18.0%. Calculating this ratio for the empirical
counterparts of the model, we ﬁnd that the ratio is 4.7% in the consumption sector and 15.5% in the investment
sector.
22The share of exports from the investment sector in the data is 0.806. It is also common in related research to
allow agriculture to produce a good that is exported. In the data agricultural, forestry and ﬁshery exports have a
share of 0.0083.
16goods is signiﬁcantly larger. The overall result is a movement of resources, particularly labor,
from the investment to the consumption sector.
Because resources move into a less productive sector, the model is qualitatively able to
reproduce the behavior of key variables in the data after the Korean crisis. In the benchmark
experiment, both aggregate and approximate TFP fall. Real GDP and total labor also fall.
The behavior of total labor is unusual for a model of a sudden stop. We provide some
intuition for its behavior. In a one sector model, Chari, Kehoe, and McGrattan (2005) show
that the negative income effect due to the sudden stop leads to an increase in total labor supply.
The income effect is different in the investment sector of this model. The equilibrium condition
on labor in the investment sector is:
ln

1 +
η
(1 − φ)θnl
cn
yn

= (1 − lc).
Labor in the investment sector depends on the ratio of investment sector consumption to invest-
ment sector gross output cn
yn, and on labor in the consumption sector. The income effect works
through the consumption to output ratio. In our benchmark experiment, this ratio increases
as investment falls. The income effect leads to downward pressure on labor in the investment
sector.
Labor in the consumption sector in equilibrium satisﬁes:
lc

1 +
η
φ(1 − θc)(1 + τc)
cc
yc

= (1 − ln).
The ratio of consumption to output in the consumption sector is always equal to one. This
eliminates from this sector any income effect. The coefﬁcient that relates lc and (1 − ln) in
this last equation is strictly positive because the two labors are perfect substitutes. Therefore,
adjustments to lc and ln after a sudden stop are negatively correlated, though movements in lc
are much smaller.
The key predicted outcomes are attached in Figures 8 and 9. All variables have been in-
dexed to take a value of 1 in 1997. In Figure 8 we compare data and predictions for aggregate
TFP, approximate TFP, labor in both sectors and real GDP. These variables are the main focus
of the paper. The effects are qualitatively correct but small.
In Figure 9 we compare data and predictions on other variables: exports, imports, terms
of trade and investment. In two aspects, the results of the numerical experiments are not qual-
itatively consistent with the data. The model predicts both a large increase in exports and a
signiﬁcant worsening of the terms of trade for Korea in 1998. In 1998, neither showed much
movement in the data.
20sectors, but decreases labor supply in the investment sector more than in the consumption sec-
tor.
Working capital requirements require a change on the production side of the economy. We
modify the benchmark experiment by requiring ﬁrms in both sectors to borrow for the wage bill
in advance of production. Firms must set aside wjlj at the beginning of each period to hire lj.
In the process they forgo the opportunity to earn any interest on resources set aside so that the
cost to the ﬁrm of hiring lj is wj(1+r)lj. The interest revenues are then collected and returned
to consumers in a lump sum manner. With this modiﬁcation, proﬁts in the consumption sector
equal:
pc(1 + τc)yc − wc(1 + r)lc − rckc.
In the investment sector, proﬁts equal:
yn − rnkn − wn(1 + r)ln − pmm.
Results can be seen in Figures 12 and 13.33 In our experiment, both labor in consumption
and labor in investment fall, as in the data. Labor in investment falls 7.5%. Labor in consump-
tion falls 2.4%. The effects of working capital are larger in the investment sector than in the
consumption sector. The reason for this is that the consumer reduces capital accumulation,
because of consumption smoothing in response to working capital shocks. The model can ac-
count for 62.4% of the fall in labor in the consumption sector and 45.2% of the fall in labor in
the investment sector.
Working capital requirements increase the fall in TFP relative to the benchmark. In Fig-
ure 12, we see that measured TFP now falls 17.9% of fall in TFP experienced in the data.
Additionally, the model can account for 31.5% of the fall in GDP.34
Working capital requirements also improve the performance of the model relative to the
benchmark in terms of exports and terms of trade. These results are displayed in Figure 13.
Though exports still increase and the terms of trade worsen, both do so by a much smaller
amount than in the benchmark experiments. This is because, with the increase in the cost of
labor in the investment sector, it is more costly to increase exports.
33Because we are modifying the model, we recalibrate τc and the initial debt to continue matching previous
targets.
34Neumeyer and Perri (2005) show that the addition of working capital requirements produces large falls in
output when interest rates rise.
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